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ABSTRACT Overwintering shelters composed of cardboard bands were placed on pear and apple
trees located in central Washington state to monitor overwintering by predatory arthropods and by
two pest taxa. A subset of bands was sampled at regular intervals between late summer and mid-
December to determine when taxa began to enter bands. The remaining bands were left undisturbed
until collection in mid-December to determine the numbers and types of arthropods overwintering
on tree trunks in these orchards. More than 8,000 predatory arthropods were collected from bands
left undisturbed until mid-December, dominated numerically by Acari (Phytoseiidae) [Galendromus
occidentalis (Nesbitt), Typhlodromus spp.], Araneae, and Neuroptera (Hemerobiidae, Chrysopidae).
Predatory mite numbers were higher in bands placed in apple orchards than bands placed in pear
orchards. The Araneae were particularly diverse, including�3,000 spiders representing nine families.
Less abundant were Heteroptera, including a mirid [Deraeocoris brevis (Uhler)] and three species of
Anthocoridae [Anthocoris spp., Orius tristicolor (White)]. Coleoptera included Coccinellidae, dom-
inated by Stethorus picipesCasey, and unidentiÞed Staphylinidae and Carabidae. The bands that were
collected at regular intervals to monitor phenology provided �15,000 predatory arthropods, domi-
natednumericallyby spiders,Dermaptera [Forficula auricularia(F.)], lacewings, andpredatorymites.
Some well-deÞned phenological patterns were apparent for some taxa. Brown lacewing adults
(Hemerobius) began appearing in bands in late October, coinciding with leaf fall in orchards.
Cocooned larvae of green lacewings (Chrysopa nigricornis Burmeister), conversely, were most abun-
dant in bands in September, which was well before leaf fall. Predatory mites began to appear in bands
in late September before onset of leaf fall. Patterns for predatory Heteroptera were less clear, but
results showed thatD. brevis andO. tristicolorwere active in the orchards well into the period of leaf
fall. Two pest taxa, spider mites (Tetranychus spp.) and pear psylla [Cacopsylla pyricola (Foerster)],
were also monitored. Spider mites entered bands beginning in September and Þnished movement at
the beginning of leaf fall, similar to patterns shownbyPhytoseiidae. Pear psyllamoved into bands very
late in the season (November and December). Our results suggest that postharvest applications of
chemicals, as made by some growers, would occur before most predatory taxa have entered over-
wintering quarters.
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REDUCED USE OF broad-spectrum insecticides in pear
and apple orchards of the PaciÞc Northwest and in-
creased use of mating disruption rather than chemical
insecticides to control codling moth, Cydia pomonella
(L.), have led to higher densities of natural enemies in
orchards and more reliance on biological control to
lower densities of secondary pests (Knight 1994, Gut
and Brunner 1998). EfÞcient use of predators to con-
trol secondary pests requires information about life
history processes of these arthropods, including in-
formation about phenology, prey preferences, devel-

opment rates, and overwintering. For many common
predators in orchards, overwintering may be the least
studied or understood of these life history processes.
A fuller understanding of overwintering biology may
assist in improving biological control in orchards. For
example, inmanaging somepest species, it is critical to
control the insect early in spring so as to prevent
unmanageable problems later in the summer. Thus,
biological control early in the spring can be crucial to
effective management of some pests in reduced-pes-
ticide orchards. Yet, it remains unclear what factors
affect densities of natural enemies in orchards during
early spring. Studies on overwintering will assist us in1 horton@yarl.ars.usda.gov



understanding these early-season population dynam-
ics.
One poorly studied aspect of overwintering con-

cerns timing of movement into overwintering sites. A
great deal of laboratory research has been directed at
determining what external cues prompt diapause in
temperate arthropods (Tauber et al. 1986), and this
information allows inferences to be made about late-
seasonphenology in Þeld populations.Much less com-
mon are studies in which phenology of overwintering
is monitored directly in the Þeld (Horton et al. 2001),
due to difÞculties in conducting such research. Lack-
ing this information for orchard inhabitants, we are
uncertain as to whether postharvest applications of
chemicals (asdoneby somegrowers in the studyarea)
are detrimental to predators. In otherwords, are pred-
atory arthropods still active in the orchard at the time
of year that these postharvest sprays aremade, or have
the arthropods moved into overwintering sites by the
time these sprays are made? Only by studying phe-
nology of predators in the Þeld as they enter over-
wintering sites can we answer this type of question.
In this study, we used cardboard bands placed on

apple and pear trees in centralWashington tomonitor
phenology of movement into overwintering sites by
predatory arthropods and by two pest species. Meth-
ods used in the current study were developed else-
where to monitor movement by spiders into overwin-
tering sites (Horton et al. 2001), and that earlier study
provided detailed information about phenology for
various genera of spiders. Here, we present similar
information for other taxa of natural enemies in or-
chards. We also demonstrate that a taxonomic variety
of natural enemies used these overwintering shelters,
suggesting that a variety of predatory arthropods over-
winter in apple and pear orchards located in the study
area. Moreover, many of the species shown to over-
winter in the orchard are known important natural
enemies of several of themore severe pests associated
with apple and pear production in the PaciÞc North-
west.

Materials and Methods

Study Sites. Three sites in each of 1999 and 2000
were monitored. At all sites, both pear and apple
orchards were sampled. The six orchards used in 1999
were the sameas those thatwere included in anearlier
studyon theoverwintering biology of spiders (Horton
et al. 2001). The Moxee site, used in both 1999 and
2000, includes experimental orchards maintained by
USDA-ARS located 15 km east of Yakima, WA. The
study site comprises a 1.2-ha block of 15-yr-old
ÔBartlettÕ pear trees and a 2-ha block of 10-yr-old
ÔGolden DeliciousÕ apple. Arthropod pests were not
controlled. A second site, Tieton, also monitored in
both 1999 and 2000, is located 20 km east of Yakima.
Both apple and pear blocks have received organic
certiÞcation. Oil and lime-sulfur are used to supple-
ment biological control of arthropod pests. The apple
block is a 2.4haorchardof�15-yr-old ÔRedSpurÕ trees.

The pear block comprises 2.2 ha of �15-yr-old ÔBoscÕ
and Bartlett trees.
A third site, Parker, was studied only in 1999, as the

apple block was removed in the winter following the
1999 growing season. This site is located just southeast
of Yakima and consisted of a 15- to 20-yr-old block of
Bartlett pear (3.2 ha) and a 2.8-ha block of 15-yr-old
ÔRed ChiefÕ and ÔSilver SpurÕ apple. Codling moth was
controlled by mating disruption. Other pests were
controlled by oil (pear and apple), chlorpyrifos (ap-
ple), and abamectin (pear). In 2000, a fourth site
(Zillah, WA), located 15 km west of the Parker site,
was substituted for the Parker location. The apple
block consists of 6.5 ha of 10- to 15-yr-old Golden
Delicious and RedDelicious apples. The pear orchard
comprises a 3-ha block of 10- to 15-yr-old Bartlett and
ÔDÕAnjouÕ trees. Both apple and pear blocks have re-
ceived organic certiÞcation. Mating disruption was
used to control codling moth. Biological control is
supplemented with early season applications of oil.

Sampling. Bands composed of corrugated card-
board provided overwintering shelters for arthropods.
Each band was 7.6 cm wide and long enough to en-
circle the trunk of the tree. Corrugations were �4 by
5 mm, which are large enough to allow arthropods at
least as large as adult lacewings to colonize the bands.
Bands were placed in the Þeld in late August 1999

and in early September 2000. Trees were selected
randomly except that border rows were avoided.
Bands were placed on the trunk of the tree 0.2Ð0.3 m
above the orchard ßoor. In 1999, we banded 30 trees
per crop typeat theParker site, theTieton site, and the
Moxee apple orchard; at the Moxee pear orchard, 38
trees were banded to meet objectives of an unrelated
project (D.R.H., unpublished data). In 2000, we
banded 40 trees per orchard. A subset of bands both
years was left undisturbed until mid-December, when
the bands were collected from the Þeld and taken to
the laboratory. Sample sizes for this subset of bands
were 10 bands per crop � site in 1999 (except N � 18
at the Moxee pear orchard) and 20 bands per crop �
site in 2000. Data collected from these bands provided
information about numbers, taxa, and life history
stages overwintering in shelters. These samples also
allowed us to differentiate between taxa or life history
stages that used bands only as temporary refuges (see
below) or as actual overwintering sites.
The remaining bands (N � 20 bands per crop� site

both years) were used to determine when arthropods
began moving into overwintering shelters. These
bands were collected at weekly (1999) or bi-weekly
(2000) intervals between late-summer (when the
bands were initially placed in the orchards) and mid-
December. On each date that these bands were col-
lected, newbandswere placed in the same location on
the tree as the original bands. By collecting and re-
placing bands at regular intervals, we could determine
when, in autumn, a given taxon of arthropods began to
appear in the overwintering shelters. Species that
were abundant in these weekly-collected bands but
were uncommon in or absent from the subset of bands
left in the orchard until mid-December were consid-
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ered to be using the bands for temporary refuge only,
and not for overwintering. On each date that bands
were collected, we visually estimated percent leaf fall
in theorchard.Phenologyofeacharthropod taxonwill
be contrastedwithphenologyof leaf fall (Hortonet al.
2001).
Bands collected from the Þeld were placed imme-

diately into large plastic bags and transported to the
laboratory. Bags and bands were put into a large
walk-in refrigerator (2�C) until samples could be pro-
cessed. To determine numbers and types of arthro-
pods occurring in the shelters, bands were removed
from the refrigerator, moistened, and pulled apart.
Predatory and common pest arthropods were identi-
Þed and counted. Arthropods that had emerged from
the bands while in transport were aspirated from the
plastic bags and were counted. After bands had been
pulled apart and arthropods had been counted, bands
were scanned beneath a dissecting microscope to
check for the occurrence of mites. Subsamples of
miteswerecollectedandmountedon slides toconÞrm
identiÞcations. IdentiÞcations formost arthropod taxa
were made to the speciesÕ level. However, because of
the large numbers of arthropods collected, it was not
always feasible to attempt identiÞcations to speciesÕ
level for certain taxa, particularly those in which we
had lesser expertise (e.g., Hemerobiidae, Araneae).
To obtain adult Chrysopidae (Neuroptera) for iden-
tiÞcation, subsamples of cocooned larvae were ob-
tained from the bands, placed at 22�C and a photope-
riod of 16:8 (L:D) h, and allowed to complete
development.We alsomonitored densities of twopest
taxa: pear psylla [Cacopsylla pyricola (Foerster)] and
spider mites (Tetranychus spp.). Parasitoids were not
counted.
Phenology data for spiders is not presented here.

Timing of movement into bands varies substantially
among different species of spiders, and readers should
consult Horton et al. (2001) for summaries.

Results

Predatory Arthropod Taxa and Life History Stages
Overwintering in Bands. The bands that were placed
in the orchards in late summer and collected in mid-
winter contained �8,000 predatory arthropods dom-
inated by the Acari and Araneae (Table 1; see Appen-
dix 1 for additional taxonomic detail). There were
fairly consistent differences between the two crop
types among sites, with the communities in the apple
orchards generally being dominated by predatory
mites, and the communities in the pear orchards hav-
ing higher proportions of Neuroptera, spiders, and
predatory Heteroptera (Table 1). Diptera and Co-
leoptera were present but uncommon.

Araneae.More than 3,000 spiders representing nine
families were recovered from the December-col-
lected bands (Tables 2 and 3). The collections were
dominated numerically by the jumping spiders (Sal-
ticidae) and the crab spiders (Philodromidae), ac-
counting for 63.1 and 31.4%, respectively, of the total
spider fauna. One species of Philodromidae, Philodro-
mus cespitum (Walckenaer), was particularly abun-
dant at Moxee in 1999, exceeding a density of 40
spidersperband in sheltersplaced in thepearorchard.
One salticid, Pelegrina aeneola (Curtis), was very
abundant in the apple orchard at Tieton both years,
reaching densities of 11 and 62 spiders per band at that
site in 1999 and 2000, respectively.

Acari. Predatory mites in the December-collected
bands were mostly members of the Phytoseiidae (Ta-
bles 2 and 3). The mites were often found in or near
aggregations of spider mites (Tetranychidae) but
were also commonly found aggregated in webbing of
spiders and cocoons of codling moth. Densities of
Phytoseiidae were considerably higher in bands
placed in the apple orchards than in bands placed in
the pear orchards and exceeded 70 mites per band at
theMoxee apple orchard in 1999. Subsamples of mites
taken from the bands indicated that at least three

Table 1. Taxonomic composition (in percent) of predatory arthropods recovered from overwintering bands

Moxee Tieton Parker Zillah Combined

Pear Apple Pear Apple Pear Apple Pear Apple Pear Apple

1999

Acari 0.4 70.1 0.0 61.6 13.2 82.8 1.3 71.5
Araneae 75.9 20.6 16.7 29.5 26.3 6.7 70.9 18.9
Heteroptera 5.6 1.2 0.0 1.3 15.4 1.1 6.1 1.2
Neuroptera 11.8 6.9 55.6 5.0 36.3 6.4 14.6 6.4
Coleoptera 6.1 1.1 16.7 0.3 7.7 2.6 6.5 1.3
Diptera 0.3 0.1 1.1 2.3 1.1 0.4 0.6 0.6
N 1,200 1,041 36 383 91 466 1,327 1,890

2000

Acari 0.0 78.4 35.5 10.6 1.0 73.3 12.7 50.1
Araneae 48.1 7.5 17.6 80.9 32.7 12.6 30.7 38.0
Heteroptera 11.2 1.1 9.1 2.6 26.4 5.8 17.2 3.4
Neuroptera 36.9 11.3 35.2 5.0 39.8 6.2 37.6 7.0
Coleoptera 3.2 1.4 0.3 0.4 0.0 0.8 0.8 0.8
Diptera 0.5 0.2 2.3 0.5 0.0 1.2 0.9 0.7
N 187 967 307 1,553 394 1,465 888 3,985

N, number of specimens. 1999, 10 bands per site except 18 bands in Moxee pear; 2000, 20 bands per site.
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species of Phytoseiidae were present: Galendromus
occidentalis (Nesbitt), Typhlodromus [Anthoseius]
caudiglans (Schuster), and Typhlodromus [Metaseiu-
lus] columbiensis Chant. The western predatory mite,
G. occidentalis,was present at all sites at which Phyto-
seiidae were collected. Typhlodromus caudiglans oc-
curred at all sites except the Parker location; this mite
often occurred inmixed-species (withG. occidentalis)
aggregations in the bands. Typhlodromus columbiensis
was recovered only at the Parker site. A few uniden-
tiÞed Stigmaeidae were collected in bands placed at
the Parker site (Table 2).

Heteroptera. Predatory true bugs (Tables 2 and 3)
includedamirid,Deraeocoris brevis(Uhler), and three
species of Anthocoridae (Orius tristicolor (White),
Anthocoris antevolens White, and Anthocoris tomento-
sus Péricart). Of the Anthocoridae,O. tristicolor com-
prised 81.8% (27/33) of the specimens obtained. All of
the Anthocoridae were adults, while all but three
specimens of D. brevis were adults.

Neuroptera. Both green (Chrysopidae: Chrysopa)
and brown (Hemorobiidae: Hemerobius) lacewings
were collected in the bands (Tables 2 and 3). Life
history stages in the samples included larvae
(Hemerobiidae), cocooned larvae (both families),
and adults (Hemerobiidae). Chrysopidae cocoons ap-
peared to be mostly or entirely Chrysopa nigricornis
Burmeister.Themajorityof thebrown lacewingswere
in the adult or cocooned larva stages (1999: adults, 146
of 305 lacewings; cocooned larvae, 154 of 305 lace-
wings; 2000: adults, 195 of 424 lacewings; cocooned

larvae, 208 of 424 lacewings). Many of the cocooned
Hemerobiidae had died of unknown causes; insects
had turned black and had begun to decompose. Also,
many cocooned larvae for both families had been
parasitized by Hymenoptera.

Coleoptera. The majority of the Coccinellidae col-
lected in the bands were adult Stethorus picipesCasey
(1999: 93 of 98 beetles; 2000: 38 of 38 beetles). Other
coccinellids collected in 1999 included Adalia sp. and
Scymnus sp. A few unidentiÞed Carabidae and
Staphylinidae were also collected (Tables 2 and 3).

Diptera. UnidentiÞed larvae (39 specimens) and
pupae (16 specimens) of Syrphidae were collected in
the bands (Tables 2 and 3).

Arthropod Taxa and Life History Stages Colonizing
Weekly- and Biweekly-Collected Bands. More than
15,000 predatory arthropods were removed from
bands placed in the Þeld in late summer and replaced
at regular intervals until mid-winter (Tables 4 and 5;
see Appendix 2 for list of genera). The samples were
dominated numerically by spiders (48.4% of 1999 total
and 48.3% of 2000 total), Dermaptera (1999: 21.0%;
2000: 11.8%), and Neuroptera (1999: 18.4%; 2000:
21.0%). Predatory mites were abundant at some sites
but again only in bands that had been placed in apple
orchards (Tables 4 and 5).
Heteroptera were again numerically dominated by

Miridae (89.0% of total Heteroptera; Tables 4 and 5).
All predatory Miridae were D. brevis. Anthocoridae
includedAnthocoris spp. (30.1%of totalAnthocoridae;
A. tomentosus,A. antevolens,AnthocoriswhiteiReuter),
O. tristicolor (66.2% of Anthocoridae) and two species
[Lyctocoris campestris (F.), Xylocoris umbrinus Van

Table 2. Total predatory arthropods recovered in overwin-
tering bands placed at three sites in each of two crops per site; 1999
data

Family
Moxee Tieton Parker

Pear Apple Pear Apple Pear Apple

Araneae
Anyphaenidae 3 3 1
Clubionidae 1 1 12 9
Dictynidae 42 26 1 5
Gnaphosidae 1 1 1 1
Linyphiidae 2 2
Philodromidae 767 109 1
Salticidae 99 76 2 110 6 16
Thomisidae 1

Acari
Phytoseiidae 5 730 236 12 376
Stigmaeidae 10

Heteroptera
Anthocoridae 16 4 3 1 1
Miridae 51 9 2 13 4

Neuroptera
Chrysopidae 7 3
Hemerobiidae 141 72 20 19 26 27

Coleoptera
Coccinellidae 70 10 6 12
Carabidae 2 1 4
Staphylinidae 1 2 1 1

Diptera
Syrphidae 3 1 4 9 1 2

Numbers refer to summed counts for all bands, including arthro-
pods aspirated from plastic bags containing bands. Sample sizes were
10 bands per crop� site, except for Moxee pear in which sample size
was 18 bands.

Table 3. Total predatory arthropods recovered in overwin-
tering bands placed at three sites in each of two crops per site; 2000
data

Family
Moxee Tieton Zillah

Pear Apple Pear Apple Pear Apple

Araneae
Anyphaenidae 1
Araneidae 1
Clubionidae 32
Dictynidae 7 3 2 6
Gnaphosidae 2 1 1
Philodromidae 46 26 15 5
Salticidae 37 43 53 1,239 126 141
Thomisidae 1

Acari
Phytoseiidae 758 109 164 4 1,074

Heteroptera
Anthocoridae 2 2 3 1
Miridae 19 9 25 40 104 85

Neuroptera
Chrysopidae 2 81 1 102 2
Hemerobiidae 67 28 107 78 55 89

Coleoptera
Coccinellidae 5 14 1 6 12
Staphylinidae 1

Diptera
Syrphidae 1 2 7 7 18

Numbers refer to summed counts for all bands, including arthro-
pods aspirated from plastic bags containing bands. Sample sizes were
20 bands per crop � site.
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Duzee] that are not commonly collected in orchards.
Damsel bugs (Nabidae) and big-eyed bugs (Lygaei-
dae) were very infrequently recovered (Tables 4 and
5).
Of the 3,011 lacewings collected, 76.3% were mem-

bers of the Hemerobiidae (Tables 4 and 5). Three life
history stages of brown lacewings were collected: free
larvae (45.2%), cocooned larvae (25.1%), and adults
(29.6%). Chrysopidae included both larvae (53.4%)
andcocooned larvae (46.6%). Largenumbers of freely
active larval Chrysopidae were collected at Moxee in
apple during the 2000 season (Table 4: 343 of 381
Chrysopidae were free larvae, 38 were cocooned lar-
vae).

Predator Phenology. Summaries of phenology are
restricted to taxa that were common in bands and to
the life history stage for each taxon that is known to
overwinter (Figs. 1Ð6). Samples for 1999 were col-
lected weekly; however, we present 2-wk totals (data
for adjacent weeks are pooled) to reduce the com-
plexity of the Þgures. Adult brown lacewings
(Hemerobius) began to appear in bands in mid- to
late-October, coinciding with leaf fall (Fig. 1). We
collected adult lacewings well into December. Con-
versely, cocooned green lacewing larvae (C. nigricor-
nis) at the Parker and Zillah sites were abundant in

bands only well before leaf fall and were uncommon
thereafter (Fig. 2). A few (N � 38) cocooned larvae
of Chrysopidae were recovered at the Moxee site in
apple during the 2000 season; these cocoons were
collected on the Þve sampling dates between 12 Sep-
tember and 7November (data not shown). Cocooned
larvae of the Hemerobiidae, although abundant in
bands, were often dead and are not discussed here.
The European earwig was abundant in bands that

were collected in September but had ceased coloniz-
ing bands by mid-October (Fig. 3). Note that this
species was absent from the December-collected
bands, indicating that earwigs in September used the
bands for temporary refuge only and overwintered
elsewhere.Countswereparticularlyhighat theTieton
site andexceeded20perband inearly September 2000
in the apple orchard (Fig. 3).
Phenological patterns for adult D. brevis and O.

tristicolor were variable (Figs. 4 and 5). The two spe-
cies entered bands over much of the sampling period,
perhaps because both used the bands for temporary
refuge as well as for overwintering (nymphs of both
species were collected in the bands, although nymphs
rarely overwinter). Both species were active in the
orchard well into the period in which leaves had be-
gun to fall (Figs. 4 and 5).

Table 4. Total predatory arthropods recovered in weekly-
collected bands placed at three sites in each of two crops per site;
1999 data

Family
Moxee Tieton Parker

Pear Apple Pear Apple Pear Apple

Araneae
Anyphaenidae 7 23 3 7 4 4
Clubionidae 2 1 12 4
Dictynidae 56 64 2 1 2 7
Gnaphosidae 11 12 6 3 5 8
Linyphiidae 9 21 33 15 37 2
Mimetidae 1
Philodromidae 1,136 292 3 12 3 3
Salticidae 95 121 30 360 13 29
Theridiidae 2
Thomisidae 86 30 8 7 1 4
Titanoecidae 1 1
UnidentiÞed 5 1 2 5 1

Acari
Phytoseiidae 3 101 44 2 5

Dermaptera
ForÞculidae 32 11 340 406 215 132

Heteroptera
Anthocoridae 14 23 19 7 2
Lygaeidae 3 1
Miridae 30 15 104 20 13 6
Nabidae 1 1

Neuroptera
Chrysopidae 2 4 2 79 15
Hemerobiidae 122 390 157 183 19 21

Coleoptera
Coccinellidae 3 3 1 1 1 2
Carabidae 2 7 9
Staphylinidae 1 50 80 18 2

Diptera
Syrphidae 3 13 41 4 5

Numbers summed over sampling dates. Counts included arthro-
pods aspirated from plastic bags containing bands. Sample sizes were
20 bands per site � crop (per collection date).

Table 5. Total predatory arthropods recovered in biweekly-
collected bands placed at three sites in each of two crops per site;
2000 data

Family
Moxee Tieton Zillah

Pear Apple Pear Apple Pear Apple

Araneae
Agelinidae 2
Anyphaenidae 101 115 18 14 1
Araneidae 1
Clubionidae 1 1 4 34
Dictynidae 151 57 1 37 20
Gnaphosidae 7 6 4 3 6 12
Linyphiidae 1 3 36 27 1 8
Oxyopidae 1
Philodromidae 1,158 207 1 74 18 202
Salticidae 207 182 27 1,041 472 311
Theridiidae 1 2
Thomisidae 18 20 1 5 1 2
UnidentiÞed 4 4 1 1

Acari
Phytoseiidae 474 2 106 134

Dermaptera
ForÞculidae 152 131 176 505 82 91

Heteroptera
Anthocoridae 14 27 8 14 2 3
Miridae 122 47 49 76 454 204
Nabidae 2

Neuroptera
Chrysopidae 2 381 1 3 222 3
Hemerobiidae 332 612 89 81 115 176

Coleoptera
Coccinellidae 8 6 2 2 2
Carabidae 4 1
Staphylinidae 9 5 2 1

Diptera
Syrphidae 2 9 11 2 6

Numbers summed over sampling dates. Counts included arthro-
pods aspirated from plastic bags containing bands. Sample sizes were
20 bands per site � crop (per collection date).
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Predatory mites (G. occidentalis, T. caudiglans) in
the apple blocks began to appear in the bands in late
September and early October and had completed this
movement by early November (Fig. 6). Counts were
highest in the orchards not experiencing any pest
controls (Moxee).

Stethorus picipes was not abundant enough at any
one site to plot phenology data. However, if data from
all sites and both years are pooled, 15 of the 22 S.
picipes collected in bands were recovered from bands
removed from the Þeld between 5 October and 10
November, suggesting thatmost of themovement into
overwintering sites by this species occurred in Octo-
ber and early November.

Pest Phenology. The sparse data for spider mites
(Tetranychus spp.; apparently mostly T. urticae Koch)
suggest that these pests began moving into overwin-
tering bands in September and completed this move-
ment at the beginning of leaf fall (Fig. 7). Densities of
spider mites were very high at Tieton in 2000, exceed-
ing 300 per band on one date. Pear psylla in both apple

and pear orchards moved into bands beginning in
November (Fig. 8); we collected psylla in bands well
into December. Large numbers of pear psylla were
collected in bands that had been placed in apple or-
chards, even though apple is not a host plant for this
species. The insects collected fromapple orchards had
dispersed there in late fall from pear orchards.

Discussion

A taxonomic variety of predatory arthropods over-
wintered in the cardboard shelters, dominated nu-
merically by Araneae, Acari, and Neuroptera. Earlier
studies conducted in peach and pear orchards of cen-
tral Washington also showed that these taxa were
abundant overwintering in cardboard shelters (Ta-
maki and Halfhill 1968, Fye 1985, Horton et al. 2001).
These results indicate that many types of arthropods
will overwinter on the trunk of pear and apple trees,
assuming that appropriate shelter is available. Natural
overwintering sites in orchards are known for some

Fig. 1. Number of adult brown lacewings (Hemerobius)
collectedper 2-wk sampling interval. Bands initially placed in
Þeld in late August (1999) or the Þrst week of September
(2000). Horizontal bars depict period of leaf fall.

Fig. 2. Number of cocooned larvae of green lacewings
(Chrysopa nigricornis) collected per 2-wk sampling interval
at Parker and Zillah sites (too few chrysopids of overwin-
tering stage collected at other sites to present data). Bands
initially placed in Þeld in late August (1999) or the Þrst week
of September (2000). Horizontal bars depict period of leaf
fall.
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taxa and include the trunk of trees. For instance,
orchard-inhabiting Phytoseiidae (including G. occi-
dentalis)mayoverwinter in sites such as bark crevices,
beneath bark scales, or on cankers (Chant 1959, 1963;
Putman 1959; Lee and Davis 1968; Leetham and Jor-
gensen 1969; Veerman 1992). The mites may often
associatewith empty hibernacula of Lepidoptera or in
contact with cocoons of codlingmoth (Putman 1959),
as noted also in this study. Spiders in several families,
including Philodromidae, Dictynidae, and Thomisi-
dae, have been shown to overwinter in orchards in
bark crevices or under bark ßakes (Putman 1967,
Bogya et al. 1999).
Arthropods that were collected in bands included

several important predators of major orchard pests.
Deraeocoris brevis was present at all sites, and this
species is an important predator of pear psylla and
other secondary pests in orchards (Westigard et al.
1968). Horton and Lewis (2000), Tamaki and Halfhill
(1968), andFye (1985) also recovered this predator in
large numbers overwintering in cardboard shelters

placed in central Washington orchards. Other taxa
overwintering in bands and known to be important
natural enemies of orchard pests included predators
of spider mites (G. occidentalis; Typhlodromus spp.;
S. picipes; O. tristicolor) and aphids (Neuroptera;
Syrphidae). Species of Anthocoris, which are impor-
tant predators of pear psylla (Madsen 1961,Madsen et
al. 1963, Fields and Beirne 1973), were present but
uncommon. Other studies have collected Anthocoris
spp. in fairly large numbers overwintering in bands
placed in orchards (Fye 1985,Horton andLewis 2000)
or in bands placed in native habitats (New 1967, Hor-
ton and Lewis 2000). Lastly, several species that were
common in bands, includingD. brevis, G. occidentalis,
C. nigricornis, and O. tristicolor, are geographically
widespread andoccur inother fruit growing regions in
the United States. Our results indicate that growers
and pest control advisors from these other fruit grow-
ing regions should be conscious of the fact that the
orchards may provide overwintering habitat for pred-
atory taxa that feed upon orchard pests.

Fig. 3. Number of earwigs (Forficula auricularia) col-
lected per 2-wk sampling interval. Bands initially placed in
Þeld in late August (1999) or the Þrst week of September
(2000). Horizontal bars depict period of leaf fall.

Fig. 4. Number of adult Deraeocoris brevis collected per
2-wk sampling interval. Bands initially placed in Þeld in late
August (1999) or the Þrst week of September (2000). Hor-
izontal bars depict period of leaf fall.
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Of the major taxa found overwintering in bands
(Tables 2 and 3), the spiders were the most diverse
taxonomically and included representatives of 17 gen-
era in nine families. This result is not surprising, as
spiders are often among the most abundant predators
in orchards during the growing season, particularly if
insecticide use is curtailed (Madsen andMadsen 1982,
Miliczky et al. 2000). Others have shown that taxo-
nomically diverse communities of spiders overwinter
in orchards (Bogya et al. 1999, Pekár 1999, Solomon et
al. 1999, Horton et al. 2001). One species that was
particularly abundant in this study was a jumping
spider, P. aeneola, comprising 80.9% of the total Salti-
cidae recovered in the winter-collected bands. This
spider has been recorded to feed on several orchard
pests, including pear psylla, leaf miners, and aphids
(Warner 2001; E.R.M., unpublished data). A common
web-building species, Dictyna coloradensis Chamber-
lin (Dictynidae; Tables 2 and 3), has been seen to feed
upon several orchard pests in the Þeld, including pear
psylla, white apple leafhopper (Typhlocyba pomaria

McAtee), aphids, and thrips (Miliczky and Calkins
2001). This spider was relatively common at the
Moxee site in 1999 (Table 2).
EfÞcient use of predators in orchards for achieving

biological control of pests requires that we have basic
life history information for the predators, including
information about the phenology of diapause and
overwintering under Þeld conditions. These data can
bedifÞcult toobtain.Oneapproachhasbeen tocollect
arthropods from the Þeld at regular intervals and ei-
thermonitor reproduction in the laboratory or dissect
the samples for informationondiapause status.Horton
et al. (1998) collected D. brevis and two species of
Anthocoris from the Þeld at intervals in late summer
and fall, and dissected specimens to determine repro-
ductive status. The authors concluded that reproduc-
tive females in those species began disappearing from
the population in early September. Similar methods
were used by Elkassabany et al. (1996) to monitor
diapause development in a Þeld population of Orius
insidiosus (Say). Hoy and Flaherty (1975) collected
western predatory mite (G. occidentalis) at intervals
from Þeld sites in central California and took the
specimens to the laboratory where the mites were
allowed an opportunity to deposit eggs. These authors

Fig. 5. Number of adult Orius tristicolor collected per
2-wk sampling interval. Bands initially placed in Þeld in late
August (1999) or the Þrst week of September (2000). Hor-
izontal bars depict period of leaf fall.

Fig. 6. Number of predatory mites (Galendromus occi-
dentalis, Typhlodromus caudiglans) collected per 2-wk sam-
pling interval in apple orchards (too few mites collected in
pear orchards to present data). Bands initially placed in Þeld
in late August (1999) or the Þrst week of September (2000).
Horizontal bars depict period of leaf fall.
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concluded that diapausing females began to show up
in the Þeld in late September; by early November,
100% of collected females were in diapause.
These methods allow inferences to be made con-

cerning the onset of diapause in the Þeld but do not
necessarily provideuswithdata aboutwhen the insect
or mite moves to overwintering quarters. To obtain
these data requires that overwintering sites be sam-
pled at intervals. This approach has been used with
varying success to monitor overwintering phenology
of taxa as diverse as predatory mites (Putman and
Herne 1964), spiders (Duffey 1969, Horton et al.
2001), and lacewings (Şengonca and Henze 1992).
Şengonca and Henze (1992), for example, provided
overwintering shelters for green lacewings (Chry-
soperla carnea Stephens). By sampling shelters at reg-
ular intervals, these authors determined when lacew-
ings began moving into overwintering sites and,
moreover, showed that phenology variedwith habitat.
One drawback to this method is that artiÞcial shel-

ters may be used both for overwintering and for tem-
porary refuge, and thus the occurrence of a given
species in bands collected in late summer or fall does

not necessarily indicate that the species had entered
the band to overwinter. In the current study, several
taxa that were common in the weekly- and biweekly-
collected bands were nonetheless very uncommon in
the once-collected (i.e., the December-collected)
bands. That is, these taxa apparently used the bands as
temporary refuge only and overwintered elsewhere.
For example, the European earwig was abundant in
bands collected in September but was absent from
bandscollected inmid-October and later (Fig. 3).This
species overwinters in the soil (Gingras and Tourneur
2001). Results reported here seem to indicate that
earwigs began leaving the tree in September. Several
species of spiders (Anyphaena pacifica Banks
[Anyphaenidae], Sassacus papenhoei Peckham &
Peckham[Salticidae],Xysticus sp. [Thomisidae]) also
may be collected in large numbers in September but
are uncommon in winter-collected bands (Horton et
al. 2001).
For other taxa, however, our banding results did

provide information about phenology, although with
varying levels of clarity. Some taxa, most notably the
lacewings, showed fairly well-deÞned phenological
patterns (Figs. 1 and 2). Brown lacewing adults
(Hemerobius) began appearing in overwintering shel-
ters in late-October and early-November, coinciding
with leaf fall (Fig. 1).Green lacewings(C.nigricornis),
at the Zillah and Parker sites, entered bands before
leaf fall (Fig. 2). Predatory mites (G. occidentalis, T.
caudiglans) began to enter bands before leaf fall (be-
ginning in late-September) and had completed their
movement by early-November (Fig. 6). A tree-band-
ing study conducted in peach orchards located in
Ontario, Canada indicated that phytoseiid mites
moved into overwintering sites throughout much of
leaf fall (Putman and Herne 1964). Chant (1959)
showed that a fraction of the phytoseiid population
inhabiting an apple orchard in southern England fell

Fig. 7. Number of spider mites (Tetranychus spp.) col-
lected per 2-wk sampling interval from Moxee and Tieton
sites (too few mites collected at other sites to present data).
Bands initially placed inÞeld in lateAugust (1999) or theÞrst
week of September (2000). Horizontal bars depict period of
leaf fall.

Fig. 8. Number of adult pear psylla (Cacopsylla pyricola)
collected per 2-wk sampling interval in 2000 (too few psylla
collected in 1999 to present data). Bands initially placed in
Þeld the Þrst week of September. Horizontal bars depict
period of leaf fall.
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to the ground in autumnwith falling leaves, indicating
that some phytoseiids were active in the tree canopy
until leaf fall. Phenology data for spiders, summarized
in detail elsewhere (Horton et al. 2001), showed that
spiders moved into bands beginning in early- to mid-
October for the earlier taxa (Dictyna spp.), and ex-
tended until well after leaf fall (late November) for
other taxa (Philodromus sp.). Results for predatory
Heteroptera (Figs. 4 and 5) were less clear, but the
data indicate that O. tristicolor and D. brevis were
active in the orchards well into leaf fall. Nymphs of
both species were collected in bands well into mid-
November.
Two pest taxa were also monitored (Figs. 7 and 8).

Spider mites (Tetranychus spp.) were similar to pred-
atorymites in thatmovement into bands began before
the onset of leaf fall and extended into leaf fall.
Leetham and Jorgensen (1969) noted that predatory
(G. occidentalis) and pest (T. urticae) mites entered
overwintering sites at about the same time in autumn.
Movement intobands at theMoxee site appeared tobe
somewhat earlier in 1999 than 2000 (Fig. 7). Photo-
period and host plant quality both affect diapause in
Tetranychidae (Veerman 1985), and it is possible that
host quality differed the two years of the study. Pear
psylla entered bands late in the season and well after
leaf fall had begun. This pest is known to be active late
in the year, dispersing from pear orchards during leaf
fall (Horton et al. 1994). It has been shown that leaf
fall displaces large numbers of psylla from the tree
canopy (Horton et al. 1993), thus it is not surprising
that much of the colonization of overwintering shelters
by this insect occurred well after leaf fall had begun.
Data presented here and elsewhere (Horton et al.

2001) indicate thatmanypredatory taxawere active in
the orchards well into the period of leaf fall. Even
species not showingdistinct phenological patterns (O.
tristicolor)were shown to be entering bandswell after
leaf fall hadbegun. Somegrowers in thePaciÞcNorth-
west and elsewhere (Hough 1963) make postharvest
applications of chemicals to reduce overwintering
densities of certain pests. Some of these postharvest
chemicals are known to be harmful to natural enemies
in orchards (Washington State University 1999), and
there can be concerns about the effects of late-season
or postseason controls on natural enemies in orchards,
including predators of mites (Zacharda 1989) or
aphids (Kehrli and Wyss 2001). Predation of aphid
pests in orchards during the postharvest period has
been shown to result in lowered densities of the pests
the following spring (Kehrli and Wyss 2001), thus it
seems important to minimize disruption of the pred-
ator community in fall. Our results suggest that it
wouldbedifÞcult tomitigate theeffects of postharvest
sprays on natural enemies by delaying sprays until the
predatorshaveenteredoverwintering sites, as thedelays
in application would have to extend into leaf fall.
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Appendix 1. Identified genera of predatory arthropods recov-
ered in overwintering bands (collected in mid-December)

Araneae
Anyphaenidae Anyphaena
Clubionidae Cheiracanthium
Dictynidae Dictyna
Gnaphosidae Micaria, Sergiolus, Zelotes
Linyphiidae Erigone
Philodromidae Ebo, Philodromus
Salticidae Habronattus, Pelegrina, Phanias, Phidippus,

Salticus, Sassacus
Thomisidae Coriarachne, Misumenops

Acari
Phytoseiidaea Galendromus [G. occidentalis (Nesbitt)],

Typhlodromus (T. [Anthoseius] caudiglans
(Schuster); T. [Metaseiulus] columbiensis
(Chant)

Heteroptera
Anthocoridae Anthocoris (A. antevolens White, A. tomentosus

Péricart), Orius [O. tristicolor (White)]
Miridae Deraeocoris [D. brevis (Uhler)]

Neuropterab

Chrysopidae Chrysopa (C. nigricornis Burmeister),
Chrysoperla

Hemerobiidae Hemerobius
Coleoptera
Coccinellidae Stethorus (S. picipes Casey), Adalia

SpeciesÕ identiÞcations not made for a subset of insect taxa (see
Materials and Methods). Horton et al. (2001) provide additional tax-
onomic detail for spiders.

a IdentiÞcations made using keys in Schuster and Pritchard (1963)
and Chant et al. (1974). Nomenclature follows Chant and McMurtry
(1994).

b IdentiÞcationsmade using keys in Arnett (2000), Garland (1985),
and Penny et al. (2000).

Appendix 2. Identified genera of predatory arthropods
recovered in interval-collected bands

Araneae
Anyphaenidae Anyphaena
Clubionidae Cheiracanthium, Phrurotimpus
Dictynidae Dictyna
Gnaphosidae Micaria, Sergiolus, Zelotes
Linyphiidae Erigone, Meioneta, Spirembolus
Mimetidae Mimetus
Oxyopidae Oxyopes
Philodromidae Ebo, Philodromus, Thanatus, Tibellus
Salticidae Habronattus, Pelegrina, Phanias, Phidippus,

Salticus, Sassacus
Theridiidae Theridion
Thomisidae Coriarachne, Misumenops, Xysticus
Titanoecidae Titanoeca

Acari
Phytoseiidaea Galendromus [G. occidentalis (Nesbitt)],

Typhlodromus (T. [Anthoseius]
caudiglans (Schuster))

Dermaptera
ForÞculidae Forficula [F. auricularia (L.)]

Heteroptera
Anthocoridae Anthocoris (A. antevolens White, A.

tomentosus Péricart, A. whitei Reuter),
Orius [O. tristicolor (White)], Lyctocoris
[L. campestris (F.)], Xylocoris (X.
umbrinus Van Duzee)

Lygaeidae Geocoris
Miridae Deraeocoris [D. brevis (Uhler)]
Nabidae Nabis, Pagasa [P. fusca (Stein)]

Neuropterab

Chrysopidae Chrysopa (C. nigricornis Burmeister),
Chrysoperla

Hemerobiidae Hemerobius
Coleoptera
Coccinellidae Stethorus (S. picipes Casey), Coccinella (C.

transversoguttata Faldermann), Scymnus

SpeciesÕ identiÞcations not made for a subset of insect taxa (see
Materials and Methods). Horton et al. (2001) provide additional tax-
onomic detail for spiders.

a IdentiÞcations made using keys in Schuster and Pritchard (1963)
and Chant et al. (1974). Nomenclature follows Chant and McMurtry
(1994).

b IdentiÞcationsmade using keys in Arnett (2000), Garland (1985),
and Penny et al. (2000).
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